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(54) METHOD OF MANUFACTURING STRUCTURE FOR ELECTRICAL CONDUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To eliminate the need for using filler meals to degrade electric conductivity 
and to maintain the good electric conductivity, strength and corrosion resistance even after joining. 
SOLUTION: Aluminum alloy members of the electric conductivity >55% are friction agitation joining to 
different materials or analogous materials and these materials are assembled to the structure for 
conduction of the required shape. As the aluminum alloy members of the electric conductivity >55%, the 
aluminum alloys of a 1,000 system are used for the areas where the strength is not required and the 
precipitation hardening type aluminum alloys are used for the areas where the strength is required. When 
the precipitation hardening type aluminum alloys are subjected to the friction agitation joining, the strength 
is preferably imparted thereto by aging treatment after the friction agitation joining. The members are 
preferably cooled at a rate of >20°C/minute in a temperature region of 400 to 300*0 in the temperatures 
falling process after the friction agitation joining. 
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CLAMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the structure for electric conduction characterized by carrying out friction 

stirring junction of two or more aluminum alloy members, and assembling in a need configuration. 

[Claim 2] The manufacture approach of the structure for electric conduction characterized by carrying out friction 

stirring junction of the aluminum alloy member more than 55% of conductivity lACS at the time of an activity with a 

dissimilar material or an ingredient of the same kind, and assembling in a need configuration, 

[Claim 3] The manufacture approach of the structure for electric conduction according to claim 2 which uses a 

precipitation-hardening mold aluminum alloy as an aluminum alloy member more than 55% of conductivity lACS at 

the time of an activity, and performs aging treatment after friction stirring junction. 

[Claim 4] The manufacture approach of the structure for electric conduction according to claim 3 which cools a 400- 
300-degree C temperature region the above rate by 20-degree-C/after carrying out friction stirring junction of the 
precipitation-hardening mold aluminum alloy member. 

[Claim 5] Cathode for nonferrous metal electrolytic deposition which manufactured by which the approach according 
to claim 1 to 4. 

[Claim 6] Cathode for nonferrous metal electrolytic deposition where friction stirring junction of the hook of the plate 
made from a 1000 system aluminium alloy and the product made from a 6000 system aluminium alloy is carried out at 
Bar made from a 6000 system aluminium alloy. 

[Claim 7] The zinc electrolytic decomposition process performed using the cathode for nonferrous metal electrolytic 
deposition according to claim 5 or 6. 
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DETAILED DESCRIPTION 



Petailed Description of the Invention] 
[0001] 

[Industrial Application] This invention joins an aluminium alloy, without reducing conductivity, and relates to the 
approach of manufacturing the stnictures for electric conduction, such as busbar, nonferrous catiiode for electrolytic 
deposition, and a fixture for anodic oxidation. 

[0002] 

[Description of the Prior Art] The aluminum alloy of 6000 systems is used for the application which needs a 1000 
system aluminum alloy with high conductivity, and reinforcement as a member aluminum ingredient for electric 
conduction. Generally these aluminum alloys are joined by TIG arc welding, MIG welding, etc. which used filler metal., 
the aluminum alloy filler metal of 1000 systems ~ using - a 6000 system aluminum alloy - mutual - or if a 6000 
system aluminum alloy and a 1000 system aluminum alloy are welded, it will be easy to generate weld cracking. 
Moreover, in melting welding of TIG, MIG, etc., it is not avoided that a detailed blowhole and a HIKE blow hole occur 
in a joint. It not only reduces reinforcement, but for the application put to corrosive environment, since an electrolyte 
collects on the crack section etc., defects, such as weld cracking, become the cause of promoting the corrosion on the 
basis of the crack section etc. If Myst generated from the electrolytic bath specifically collects on the crack section etc. 
in case electrolytic refining of the zinc etc. is carried out, corrosion will be accelerated remarkably. Therefore, although 
the aluminum alloy of 4043 and 5356 grades is used for welding of this kind of aluminum alloy as a filler metal, it is 
the actual condition updated according to progress of corrosion. 
[0003] 

[Problem(s) to be Solved by the Invention] Since a weld zone serves as a presentation with which the component of a 
base material and filler metal was mixed, it becomes the property in which it is influenced by a base material and filler 
metal. Even if it uses aluminum alloys suitable for the application as which this point and conductivity are required, 
such as 1000 systems and 6000 systems, since the aluminum alloy of 4043 and 5356 grades with low conductivity is 
used in the cases, such as TIG arc welding and MIG welding, conductivity lowering of a weld zone is not avoided. By 
being thought out that such a problem should be solved and joining an aluminum alloy by friction stirring junction, this 
invention makes unnecessary the activity of the filler metal which causes decline in conductivity, and aims at 
maintaining good conductivity, reinforcement, and corrosion resistance also after junction. 
[0004] 

[Means for Solving the Problem] This invention is characterized by carrying out friction stirring junction of two or 
more aluminum alloy members, and assembling to the structure for electric conduction of a need configuration in order 
to attain the object. As an aluminum alloy member, the aluminum alloy which is 55% more than of conductivity lACS 
is desirable at the time of the activity as the structure for electric conduction, and a precipitation-hardening mold 
aluminum alloy is used for the part to which the aluminum alloy of 1000 systems and reinforcement are required of the 
part to which reinforcement is not demanded at it. When carrying out friction stirring junction of the precipitation- 
hardening mold aluminum alloy, it is desirable to give reinforcement by the aging treatment after friction stirring 
junction. Moreover, it is desirable to cool a 400-3 00-degree C temperature region the above rate by 20-degree-C/in the 
temperature fall process after friction stirring junction. As the structure for electric conduction, there are cathode for 
nonferrous metal electrolytic deposition, a fixture for nonferrous metal anodization, busbar, etc. For example, the 
cathode for nonferrous metal electrolytic deposition is assembled by the bar made from a 6000 system aluminium alloy 
by carrying out friction stirring junction of the hook of the plate made from a 1000 system aluminium alloy, and the 
product made from a 6000 system aluminium alloy. 
[0005] 

[Function] In friction stirring junction, as shown in drawing 1 , inserted the pin 2 of the revolution tool 1 in the abutting 
surface of a jointed member M, and it was made to move along with a matching line, rotating the revolution tool 1, and 



the jointed member M is joined by carrying out plastic flow of the about one revolution tool metal. In addition, in order 
to secure the metal of sufficient amount for junction of a jointed member M, the shoulder 3 of the revolution tool 1 is 
stuffed into the jointed member M a little. Since there is no mixed specification and the metal of a jointed member M is 
mixed, the joint formed by friction stirring junction presents the almost same property as the jointed member M before 
junction. Moreover, since it is solid phase diffusion welding theoretically, the defect of a blowhole, a HIKE blow hole, 
etc. does not occur in a joint. Therefore, unlike melting welding of TIG arc welding, MIG welding, etc., the 
conductivity of a joint does not fall. This invention utilizes this advantage and is manufacturing the structure for 
electric conduction by friction stirring junction. 

[0006] As a jointed member M, the 1000 system aluminum alloy which is an ingredient more than 55% of conductivity 
lACS, 6063 alloys, 6101 alloys, etc. are used after refining for reservation of current efficiency, and the exoergic 
prevention by the Joule's heat. A 1000 system alloy is used for the plate of the cathode for nonferrous metal electrolytic 
deposition where reinforcement is not demanded so much, busbar, etc. Aluminum alloys, such as 6063 alloys and 6101 
alloys, are the ingredients strengthened by the deposit of Mg2Si and CuA12 grade, and are used as members, such as a 
bar of the nonferrous cathode for electrolytic deposition and a hook, and a fixture for nonferrous metal anodic 
oxidation. 

[0007] In electrolytic winning which deposits the metal ion in a sulfuric-acid acidic solution in cathode using an 
insoluble anode, aluminum is usually used as cathode for a deposit. For example, in zincky electrolytic winning, the 
zinciferous sulfuric-acid nature electrolytic solution obtained by purifying and liquid adjusting is led to a cell, and it 
electrolyzes between an aluminum negative plate and an argentiferous lead anode plate (insoluble anode) so that it may 
be suitable for zinc electrolysis in the decoction which exuded and obtained roasted ore with the sulfuric acid, and zinc 
is deposited on the negative plate front face. On a negative plate, a negative plate is pulled up from a cell in the phase in 
which zinc deposited in thickness of about 2-3mm, a tabular zinc plate is mechanically exfoliated from a negative plate, 
and zinc is extracted. The negative plate with which zinc exfoliated is again returned to a cell. Since conductivity is 
high and the corrosion resistance of a joint is [ the electrical efficiency at the time of zinc electrolytic deposition is good 
and ] good when the cathode for nonferrous metal electrolytic deposition of this invention is used for this approach, the 
life of a fixture is long, and the activity loss accompanying the maintenance of a fixture decreases. 
[0008] A jointed member M may carry out temperature up at the time of friction stirring junction, and the alloy content 
contained in the jointed member M may dissolve to aluminum matrix. Generally as for a jointed member M, 
conductivity falls by dissolution of an alloy content. The lowered conductivity is recovered by performing aging 
treatment which deposits an alloy content after friction stirring junction. After carrying out friction stirring junction of 
the member which performed aging treatment in the case of a precipitation-hardening mold aluminum alloy, when 
aging treatment is performed further, it may become overaging and member reinforcement may fall. Then, the member 
with which are satisfied of the both sides of conductivity and reinforcement is obtained by carrying out friction stirring 
junction of the member before aging treatment, and subsequentiy performing aging treatment. 
[0009] If the aluminum alloy of a precipitation-hardening mold is annealed in the temperature fall process after friction 
stirring junction, an alloy content will deposit as a sludge which is not effective in the improvement in on the strength, 
and lowering on the strengtfi will be caused. In such a case, the deposit of an alloy content is controlled by quenching 
the precipitation-hardening mold aluminum alloy by which friction stirring junction was carried out after friction 
stirring junction. Especially, it is desirable to cool a 400-3 00-degree C temperature region with the above cooling rate 
by 20-dejgree-C/. By 20-degree-C/, witii the cooling rate of the following, it is easy to produce a big and rough sludge 
in a cooling process, and reinforcement cannot be raised by subsequent aging treatment, either. 
[0010] The welding structure cooled under the conditions which controlled the deposit of an alloy content contains the 
alloy content used as the supply source of Mg2Si effective in the improvement in on the strength, and CuA12 grade in 
the state of dissolution. Therefore, need reinforcement is giyen by carrying out aging treatment of this welding 
structure, and depositing Mg2Si and CuA12 grade. Moreover, since the alloy content which is dissolving deposits by 
aging treatment, conductivity also improves. Specifically, reinforcement and conductivity improve by heating the 
welding structure at 180-220 degrees C for 1.5 to 10 hours. If temperature and time amount are less than a lower limit, 
a deposit will become imperfection and reinforcement and conductivity will fall. It becomes cost high although it may 
be satisfied with whenever [ stoving temperature / of 180 degrees C or less ] of reinforcement and conductivity with 
long duration aging. Conversely, in long duration heating exceeding whenever [ exceeding 220 degrees C / stoving 
temperature ], or 10 hours, it becomes overaging and reinforcement falls on the contrary. 
[001 1] As the welding structure assembled by friction stirring junction, there is cathode for nonferrous metal 
electrolytic deposition, for example. The cathode for nonferrous metal electrolytic deposition fixed the cathode plate 4 
immersed in the electrolytic solution to the head bar 5, as shown in drawing 2 , and it has attached the hook 6 in the 
head bar 5. Although reinforcement is required since the head bar 5 and hook 6 hang the cathode plate 4 in a cell, 
reinforcement is not required so much of the cathode plate 4. Then, the 1000 system aluminum alloy containing 



aluminum more than 99.0 mass % is used for the cathode plate 4, and aluminum content uses the 6000 system 
aluminum alloy of 6063 and 6010 grades for the head bar 5 and hook 6 above 97.50 mass %, and carries out friction 
stirring junction of the cathode plate 4 and the hook 6 at the head bar 5, Good conductivity is maintained from the joint 
formed by friction stirring junction having the presentation with which the metal of 1000 systems and 6000 systems 
was mixed, and clearances which a corrosion acceleration object enters, such as a blowhole and a HIKE blow hole, are 
not formed in a weld zone. 
[0012] 

[Example 1] It is JIS of 15mm of board thickness before aging treatment after solution treatment. TIG arc welding, 
MEG welding, and the effect carry out friction stirring junction and according to a difference of welding process were 
investigated for A6063 aluminum-alloy plate. TIG arc welding ~ front flesh-side both sides of the matching section - 

V groove of 90 degrees - forming - the conditions of 200A-19V, 180A-18V, and 160A-18V - each of front flesh-side 
both sides - it welded vsdth three pass. The speed of travel at this time was set as a part for 300mm/. In MIG welding, 

V groove of 70 degrees was formed in front flesh-side both sides of the matching section, and it welded by the front 
flesh-side double-sided two pass on condition that 220A-20V and 220A-20V. The speed of travel at this time was set as 
a part for 500mm/. In friction stirring junction, the revolution tool with 20mm of diameters of the shoulder, 8mm [ of 
diameters of a pin ], and a pin die length of 7mm was rotated by 1200rpm, and the aluminum alloy plate was joined the 
rate for SOOmni/. The aluminum alloy plate joined by which approach also performed aging treatment which carries out 
heating maintenance for 3 hours to 190 degrees C. 

[0013] Each plate blank test piece was started and the reinforcement of a joint, conductivity, and corrosion resistance 
were investigated. Conductivity was measured using the eddy current type conductivity meter. Corrosion resistance 
evaluated the test piece from the corrosion weight loss when being immersed for seven days in the 50-degree C 200 g/1 
sulfuric-acid water solution, the joint formed by TIG arc welding was alike and inferior to reinforcement, conductivity, 
and corrosion resistance all so that the results of an investigation of a table 1 might see. In MIG welding which used 
1070 aluminum alloys for filler metal, although the joint of the almost same conductivity as a base material was 
formed, it was inferior to reinforcement and corrosion resistance. Moreover, in MIG welding which used the aluminum 
alloy of 5356 and 4043 grades for filler metal, decline in conductivity was large and inferior also to reinforcement and 
corrosion resistance. On the other hand, the joint formed by friction stirring junction was excellent in reinforcement, 
conductivity, and corrosion resistance all. This is considered to be because for a joint not to have the defect of weld 
cracking, a blowhole, a HIKE blow hole, etc. 
[0014] 
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[0015] 

[Example 2] As a jointed member M, 6101 aluminum-alloy ejector-plate material (the thickness of 15mm, board width 
of 70mm, die length of 500mm) was used. This jointed member M is non-aging treatment material which carried out 
dice edge hardening after extrusion. The crosswise end face of the ejector-plate material of two sheets was compared, 
and friction stirring junction of the plane of composition was carried out. As friction stirring junction conditions, the 
revolution tool 1 of 8mm of diameters and 20mm of diameters of the shoulder equipped with the pin 2 with a die length 
of 7mm was used, and the revolution tool 1 was moved along v^th the junction line by part for rotational-speed 
1200rpm and passing speed/of 500mm. When the temperature of a joint was measured during friction stirring junction, 
temperature up was carried out to the highest attainment temperature of 530 degrees C. 

[0016] After friction stirring junction, the joint was cooled so that it might become a part for cooling rate/of 30 degrees 
C in a 400-200-degree C temperature region. As a result of measuring the reinforcement and the conductivity of a joint 
after cooling, mm, reinforcement showed 2 to be lACS 53%, and conductivity all showed 175Ns /of low values. 
Moreover, when gazed at the metal texture of a joint [ being joined ], as compared with the base material section, 
sludges were decreasing in number clearly. Then, 180-degree C aging treatment was performed to the ejector-plate 



material by .which friction stirring junction was carried out, and reinforcement and conductivity were recovered. 
Reinforcement and conductivity rose according to aging treatment time amount so that drawing 3 might see, and they 
became the value which is not mostiy different from the base material section with the aging treatment of about 4 
hours. However, by long duration aging exceeding 8 hours, although conductivity rose, it originated in overaging and 
the inclination of lowering on the strength was seen. 

[Example 3] Two kinds of cathode which assembled the hook 6 made from 6101 alloys and the cathode plate 4 of a bar 
5 and the product made from 1070 alloys in friction stirring junction and the configuration which carries out MIG 
welding, and which is shown in drawing 2 , respectively was prepared. It was immersed in zinc concentration 55 g/1, 
sulfuric-acid concentration 185 g/1, and processing liquid of 42 degrees C of bath temperature, two kinds of cathode 
plates were energized by 600 A/m2 for 24 hours, and electrolytic deposition of the zinc was carried out on the cathode 
plate. The cell voltage when using each cathode, the amount of zinc deposits, and unit electric energy (electric energy 
required to deposit It zinc) are shown in a table 2. When the cathode assembled by friction stirring junction was used 
so that clearly from a table 2, as compared with the cathode assembled by MEG welding, unit electric energy has been 
reduced 1 KWH/t. 
[0017] 
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[0018] 

[Effect of the Invention] As explained above, this invention utilized the advantage of the friction stirring junction which 
a contaminant does not mix in a joint, and it has joined the aluminum alloy member for electric conduction, without 
causing decline in conductivity. Moreover, since a joint without the defect of weld cracking which is seen by TIG arc 
welding and MIG welding, a blowhole, a HIKE blow hole, etc. is formed, the welding structure excellent also in 
reinforcement and corrosion resistance is obtained, and it is used as the busbar with which good conductivity is 
demanded, the cathode for nonferrous metal electrolytic deposition, a fixture for nonferrous metal anodic oxidation, 
etc. 
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